The central vasculature of plant roots is protected by a hydrophobic ring of endodermal cells that are enclosed by lamellae of suberin. Barberon et al. demonstrate that endodermal suberization plasticity facilitates ion homeostasis, with antithetical regulation of suberin deposition and degradation by the phytohormones abscisic acid and ethylene.
The central vasculature of plant roots is protected by a hydrophobic ring of endodermal cells that are enclosed by lamellae of suberin. Barberon et al. demonstrate that endodermal suberization plasticity facilitates ion homeostasis, with antithetical regulation of suberin deposition and degradation by the phytohormones abscisic acid and ethylene.
Plants modulate the architecture and functional anatomy of the root system to adapt to heterogeneous, dynamic, and often adverse environmental conditions. Roots are characterized by radially organized concentric layers of cells with distinct identity and function that form from stem cells at the tip apex (meristem) through highly orchestrated patterns of cell division and differentiation. In roots of the dicotyledonous plant model Arabidopsis thaliana, three radial cell layers (epidermis, cortex, and endodermis) envelop the central cylinder (pericycle, xylem, and phloem) (Wachsman et al., 2015) (Figure 1A ), whereas roots of the monocotyledonous model Oryza sativa additionally include sub-epidermal exodermis, sclerenchyma, and internal cortex cell layers (Rebouillat et al., 2009 ) ( Figure 1B ). Root systems display remarkable plasticity in architecture in response to water and nutrient availability, such as the re-programming of pericycle cells to initiate lateral root meristems under phosphate deficiency (Pé ret et al., 2014) and the programmed death of cortical cells to generate longitudinal passageways (aerenchyma) for movement of gas in flooded soils (Voesenek and BaileySerres, 2015) . Developmental plasticity can also be asymmetrical, with lateral root emergence on the moist side and aerenchyma formation on the dry side of a root (Bao et al., 2014) , illustrating the spatial nature of perception and response to environmental cues.
The endodermal cell layer of the root that surrounds the central vasculature controls water and ion movement to the stele. Following its formation, the endodermis undergoes two steps of differentiation to form a barrier of apoplastic (between cell) ion movement called the Casparian strip that is reminiscent of tight junctions between cells in animals. The first apparition of Casparian strip is the organized decoration of the plasma membrane by CASPs (Casparian strip membrane domain proteins) (Roppolo et al., 2011) that focus the deposition of hydrophobic lignin between adjacent endodermal cells. This establishes a selective uptake barrier that requires water and ions to travel symplastically across the endodermis to reach the vasculature. This is followed by deposition of the wax-like lipid polyester suberin around the cells (Andersen et al., 2015) ( Figure 1A ). Endodermal suberization is known to be regulated by salinity (Krishnamurthy et al., 2009) , but the influence of other (a)biotic factors and, above all, the signaling pathways that regulate the extent of suberization and its functional consequence is not well understood.
In this issue of Cell, Barberon et al. (2016) provide new evidence that suberization of the endodermis is physiologically significant. They illustrate that endodermal suberization is influenced by nutrient status via antagonism between the abiotic stress hormone abscisic acid (ABA) and the gaseous phytohormone ethylene. Using genotypes affected in nutrient transport and hormone signaling, they demonstrate that deficiency in K or S and excess of NaCl induces endodermal suberization through ABA-mediated signaling, whereas deficiency in Fe, Zn, or Mn inhibits suberization via ethylene signaling ( Figure 1A) . By generating endodermal cell-layer-specific ABA-signaling mutants, they confirm the cell-autonomous nature of this mechanism, yet ABA treatment also fosters patchy suberization of the cortex and even epidermal cells in the most differentiated regions of the root. Furthermore, by performing ion content analyses and by the rescue of an iron transporter mutant in a suberin-deficient line, they establish the physiological importance of environmentally regulated suberization to the maintenance of nutrient homeostasis. In the case of iron deficiency, the limited suberin around the endodermis was due not only to reduced deposition, but also to the degradation of pre-existing suberin ( Figure 1A ). These findings demonstrate a capacity to modulate the endodermal suberin barrier in young roots to facilitate adaptation to environmental constraints.
Barberon et al. elegantly confirm the plasticity of endodermal suberization by varying individual nutrients and other factors in a controlled manner. But soils are highly heterogeneous in ion composition and moisture content. What will happen if two stresses triggering opposite suberization responses occur simultaneously, such as K and Fe deficiencies? Might the stress of greater physiological importance promote the predominant response? Or, as ethylene passes from cell to cell and upregulates genes encoding ABA catabolic enzymes, might de-suberization prevail? It will be intriguing to determine whether biotic factors such as root pathogens or beneficial microbes dynamically affect suberization. To answer these questions, analyzing cell-specific gene regulation of roots in soil will be beneficial.
The confirmation of the adaptive physiological importance of root cell suberization is of great interest for crops. A difference between the radial root anatomy of Arabidopsis thaliana and rice is that a Casparian strip also forms on the outermost cortical cell layer called the exodermis. In rice, suberization of endodermis and exodermis is beneficial under salt stress (Krishnamurthy et al., 2009) . This exodermal suberization is key to a radial oxygen barrier advantageous under waterlogging conditions to limit loss of oxygen transmitted through aerenchyma (Voesenek and BaileySerres, 2015) (Figure 1B) . Recently, the rice gene REDUCED CULM NUMBER1/ OsABCG5 involved in suberin biosynthesis was shown to be necessary for establishment of an exodermal apoplastic barrier (Shiono et al., 2014) . The work of Barberon et al. raises the question of whether exodermal suberization can increase or decrease as an adaptive response to benefit ion and water movement and oxygen status. There remain intriguing questions about the similarities of the innermost (endodermal) and outermost (exodermal) cortical cell layers. Do common hormonal pathways and molecular mechanism control their differentiation? Can harnessing natural variation in suberization of these cell layers be used to benefit agriculture?
Illumination of the reversibility of protective and ion-restrictive suberization is of great interest, as this plasticity of endodermal and exodermal layers could be advantageous for crops produced with limited nutrient input and in unpredictable climates.
